Introduction
============

MicroRNAs (miRNAs) are a class of single-stranded, non-coding small RNAs that are widely present in eukaryotic cells and are highly conserved during evolution. The length of miRNA is generally 19--24 nt. miRNA is the largest class of gene expression transcriptional regulatory factors that are involved in the regulation of a variety of biological activities in human body. The disorders of miRNA expression can lead to the occurrence of diabetes, hypertension and other diseases ([@b1-etm-0-0-5931],[@b2-etm-0-0-5931]). miRNA expression is also related to the onset, development and metastasis of breast cancer ([@b3-etm-0-0-5931]), lung cancer ([@b4-etm-0-0-5931]), osteosarcoma ([@b5-etm-0-0-5931]), liver cancer ([@b6-etm-0-0-5931]) and other malignant tumors.

Gastric cancer is one of the common malignancies in the digestive system, and the incidence of gastric cancer is high in many countries, especially in China. Gastric cancer is the fifth most common cancer among all the malignant tumors and the third major cause of cancer-related deaths. Due to the lack of indicators for early diagnosis, gastric cancer cannot be easily detected. Most patients are diagnosed at advanced stages with metastasis, and the prognosis is usually poor, seriously threatening the health of people. It is an urgent task to study the molecular mechanism of gastric cancer and to find indicators for early diagnosis and treatment targets. In recent years, abnormal miRNA expression was found in gastric cancer, indicating that miRNA is also involved in the occurrence of gastric cancer ([@b7-etm-0-0-5931]).

Materials and methods
=====================

### Specimen collection

Specimens were collected from 165 cases of gastric cancer patients who received surgical resection in Jinan Central Hospital Affiliated to Shandong University from January 2011 to January 2017. All patients were diagnosed and treated for the first time, and none of them received radiotherapy or chemotherapy before this study. The patients included 102 males and 63 females, with an average age of 56±11.5 years. All patients were diagnosed as gastric cancer by biopsy, and the cancer tissues and adjacent tissues (\>5 cm away from the cancer tissue) were collected. All samples were frozen in the liquid nitrogen and stored at −80°C. According to the TNM classification criteria and WHO histological grading method, all patients were subjected to clinical staging and classification. Specific clinical data are shown in [Table I](#tI-etm-0-0-5931){ref-type="table"}. This study was approved by the Ethics Committee of Jinan Central Hospital Affiliated to Shandong University (Jinan, China). Signed written informed consents were obtained from the patients and/or guardians.

### Materials and reagents

TRIzol, reverse transcription kit and real-time quantitative PCR (qRT-PCR) kit were from Promega (Madison, WI, USA); specific primers of miR-194, miR-29 and U6, miR-194 mimic, miR-29 mimic, and scramble mimic were from Sangon (Shanghai, China); RIMP-1640 and fetal calf serum were from HyClone (Thermo Fisher Scientific, Waltham, MA, USA); MTT and dimethyl sulfoxide (DMSO) were from Sigma (St. Louis, MO, USA); Lipofectamine™ 2000 was provided by Invitrogen (Thermo Fisher Scientific), human gastric cancer cell line SGC7901 was purchased from the cell bank of Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences; 7500 Real-Time PCR system (Applied Biosystems; Thermo Fisher Scientific).

### Cell culture and transfection

Human gastric cancer cell line SGC7901 was cultured in RPMI-1640 medium containing 10% fetal bovine serum (FBS) in an incubator (37°C, 5% CO~2~). Cells were transferred to 6-well plate during subculture, and transfection was performed when cells reached 80% confluent. All operations were performed according to the instructions of Lipofectamine 2000 kit. Liposomes were mixed with mimics, the mixture was added into medium without serum to culture the cells for 8 h, then the medium was replaced by complete medium.

### qRT-PCR

Total RNA was extracted from cells or tissues using TRIzol reagent. RNA was used as template to synthesize cDNA through reverse transcription. PCR reaction was performed for 40 cycles according to the instructions of qRT-PCR kit with U6 as endogenous control. Relative expression of miRNA is expressed as 2^−∆∆Ct^. miR-194 primers are 5′-CACGCATGTAACAGCAAC (forward) and 5′-CCAGTGCAGGGTCCGAGGTA (reverse); miR-29 primers are 5′-GGTACCGGTTGTCTTGGGTTTATTGs\' (forward) and 5′-GAATTCAAATACTTCAGAGCTG-3′ (reverse).

### MTT assay

Cells were inoculated into a 96-well plate with 5000 cells in each well. Cells were transfected with miR-194 mimic, miR-29 mimic and scramble mimic, 6 wells were set for each transfection. After incubation for 48 h, 10 µl of MTT (5 mg/l) was added, followed by incubation at 37°C for 4 h. The medium was removed, and 100 µl of DMSO was added, followed by shaking for 10 min. OD values at 490 nm were measured.

### Transwell assay

Matrigel was kept at 4°C overnight. Matrigel (50 µl) (1:10 dilution) was added to the upper chamber, followed by incubation at 37°C for 4 h. The lower chamber was filled with 500 µl of culture medium containing 10% FBS. Cells transfected with miR-194 mimic, miR-29 mimic and scramble mimic, and control cells were digested, and were resuspended in RPMI-1640 medium containing 0.2% bovine serum albumin to adjust the cell density to 2×10^5^/ml. Then 200 µl of cell suspension was added to the upper chamber. After incubation for 24 h, Matrigel and the cells that failed to invade were removed. The membrane was fixed for 30 min, and staining with 0.1% crystal violet was performed for 10 min. The results were observed and counted under an inverted microscope. The experiment was repeated three times.

### Statistical analysis

Statistical analysis was performed using SPSS 17.0 software (SPSS, Inc., Chicago, IL, USA). Measurement data are expressed as mean ± SD, and processed by Student\'s t-test. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Comparison of expression levels of miR-194 and miR-29 in gastric cancer tissues and adjacent tissues

RT-PCR results showed that the relative contents of miR-194 and miR-29 in gastric cancer tissue were 3.72±1.65 and 4.39±1.47, respectively. While the relative contents of miR-194 and miR-29 in normal tissue were 8.47±3.79 and 10.56±3.95, respectively. Expression levels of miR-194 and miR-29 were significant lower in cancer tissue than in normal tissue (t=10.84, P\<0.001) ([Fig. 1](#f1-etm-0-0-5931){ref-type="fig"}).

### Correlations between the expression of miR-194 and miR-29 in cancer tissue and the clinicopathological features

No significant differences in expression levels of miR-194 and miR-29 were found between patients in different gender and age groups. Expression levels of miR-194 and miR-29 in gastric cancer tissue were closely related to TNM stage, differentiation degree of cancer cells and lymph node metastasis. Expression levels of miR-194 and miR-29 in TNM stage III+IV were lower than that in stage I+II. Expression levels of miR-194 and miR-29 in tumors with lower degree of differentiation and with lymph node metastasis were significantly lower than those in tumor with higher degree of differentiation and without lymph node metastasis (P\<0.05), indicating that expression of miR-194 and miR-29 is closely related to the degree of malignancy, metastasis and prognosis of gastric cancer ([Table I](#tI-etm-0-0-5931){ref-type="table"}).

### Overexpression of miR-194 and miR-29 in gastric cancer SGC7901 cells

miR-194 mimic, miR-29 mimic and scramble mimic were transfected into SGC7901 cells. Expression levels of miR-194 and miR-29 were detected by qRT-PCR. Results showed that, compared with control group and scramble group, expression levels of miR-194 and miR-29 were significantly increased in SGC7901 cells after the transfection of miR-194 and miR-29 mimics ([Fig. 2](#f2-etm-0-0-5931){ref-type="fig"}).

### Effects of miR-194 and miR-29 overexpression on the proliferation of SGC7901 cells

MTT assay showed that the absorbance values of SGC7901 cells with miR-194 mimic and miR-29 mimic transfection were 0.49±0.11 and 0.51±0.10, respectively, after incubation for 48 h. While the absorbance value of control cells was 0.91±0.08 and the cells transfected with scramble mimics was 0.88±0.09. Significant differences were found between them (P\<0.05) ([Fig. 3](#f3-etm-0-0-5931){ref-type="fig"}).

### Effects of miR-194 and miR-29 overexpression on migration of SGC7901 cells

Transwell assay showed that 10.6±1.6 cells with miR-194 mimic transfection passed through the membrane, and the number for cells with miR-29 mimic transfection was 9.6±1.5, no significant differences were found between those two types of cells. Significant differences were found between these two types of cells and untreated SGC7901 cells 23.1±2.6 and cells transfected with scramble mimic 20.5±1.9 (P\<0.05) ([Fig. 4](#f4-etm-0-0-5931){ref-type="fig"}).

Discussion
==========

miRNAs are widely distributed in many species. Each miRNA has approximately 200 potential target genes. miRNAs in the human genome are involved in the regulation of 30--50% gene expression. Any change in the expression of miRNAs may lead to the development of diseases ([@b8-etm-0-0-5931]). miRNA plays an important role in the development of the tumor. Research on miRNA in tumors is mainly focused on the mechanism of the onset, growth and metastasis of tumor. miRNAs are upregulated or downregulated in many tumors to perform a role as oncogene or tumor suppressor. With the important roles in the diagnosis, treatment and prognosis of tumors, miRNAs have become a hot topic in tumor-related research ([@b9-etm-0-0-5931],[@b10-etm-0-0-5931]).

Gastric cancer is a common digestive system tumor that seriously affects human health. The pathogenesis of this disease remains to be further studied. miR-194 is specifically expressed in the gastrointestinal tract, and it has been reported that miR-29 expression is downregulated in gastric cancer ([@b11-etm-0-0-5931]). In order to study the roles of miR-194 and miR-29 in gastric cancer, tumor tissue and adjacent tissue were collected from 165 cases of gastric cancer patients. Results showed that expression levels of miR-194 and miR-29 were significantly lower in gastric cancer tissue than in adjacent healthy tissue, indicating than miR-194 and miR-29 are closely related to the development of tumors. Further studies showed that miR-194 and miR-29 expression levels in TNM stage III+IV were lower than that in stage I+II, and expression levels of those two miRNAs were significantly lower in patients with lymph node metastasis than in patients without. Those results suggest that the low expression levels of miR-194 and miR-29 are closely related to the degree of malignancy. Higher degree of malignancy is accompanied with lower expression levels and worse prognosis. miR-194 and miR-29 are tumor suppressor genes in most tumors. For example, miR-29 can downregulate anti-apoptotic factor Mcl-1 to promote apoptosis of bile duct epithelial cancer cells ([@b12-etm-0-0-5931]); level of miR-29 expression was significantly lower in breast cancer patients with poor prognosis ([@b13-etm-0-0-5931]); the low expression of miR-29 is closely related to the metastasis and prognosis of malignant tumors, and miR-29 can be used as a key biomarker for predicting the recurrence and progression of tumors ([@b14-etm-0-0-5931]).

MYC can reduce the expression level of miR-29 in pancreatic ductal adenocarcinoma (PDAC), increase the degree of malignancy, and MYC knockout can upregulate the level of miR-29 expression in PDAC, to increase sensitivity of the tumor to gemcitabine ([@b15-etm-0-0-5931]). Low expression level of miR-29 was also detected in other tumors such as head and neck squamous cell carcinoma, and prostate cancer ([@b16-etm-0-0-5931],[@b17-etm-0-0-5931]). Studies have shown that miR-194 is downregulated in non-small cell lung cancer and clear cell renal cell carcinoma (ccRCC), and the reduced expression level is closely related to prognosis ([@b18-etm-0-0-5931],[@b19-etm-0-0-5931]). Low expression levels of miR-194 was detected in ovarian cancer, colorectal cancer, melanoma and other tumors, and miR-194 can participate in the regulation of drug sensitivity and tumor growth through a series of signal pathways ([@b20-etm-0-0-5931]--[@b22-etm-0-0-5931]).

To further study the role and possible mechanism of miR-194 and miR-29 in gastric cancer, CGC7901 cells with miR-194 and miR-29 overexpression were established to observe cell proliferation and invasion. After transfection with miR-194 mimic and miR-29 mimic, RT-PCR results showed that expression levels of miR-194 and miR-29 were significantly increased in CGC7901 cells. Further study showed that miR-194 and miR-29 overexpression could inhibit the proliferation and invasion of SGC7901 cells. In laryngeal squamous cell carcinoma and ccRCC, lysyl oxidase 2 (LOXL2) gene can directly interact with miR-29s to inhibit the migration and invasion of cancer cells ([@b23-etm-0-0-5931],[@b24-etm-0-0-5931]). Stable expression of miR-194 can inhibit the proliferation and invasion of non-small cell lung cancer cells and promote drug sensitivity of tumor cells to cisplatin ([@b18-etm-0-0-5931]). miR-194 can inhibit the proliferation and invasion of ovarian cells through protein tyrosine phosphatase non-receptor type 12 (PTPN12) ([@b25-etm-0-0-5931]). miR-194 can also inhibit the proliferation and migration of bladder cancer cells ([@b26-etm-0-0-5931]).

miRNAs can participate in the regulation of tumor-related signaling pathways such as PI3K/KT signaling pathway ([@b27-etm-0-0-5931]), RAS-MAPK signaling pathway to affect the occurrence and development of tumors ([@b28-etm-0-0-5931]). Some miRNAs can enter the body fluid, and the detection of miRNAs in serum or body fluids has important roles in early diagnosis of tumors ([@b29-etm-0-0-5931],[@b30-etm-0-0-5931]). In this study, we found that the expression levels of miR-194 and miR-29 were low in gastric cancer tissue, and the low expression level was correlated with poor prognosis. miR-194 and miR-29 are closely related to tumor cell proliferation, migration and invasion.

Further study of the mechanism and signal regulation of miR-194 and miR-29 in gastric cancer and the detection of miR-194 and miR-29 in serum are of great significance for the early diagnosis and prognosis of gastric cancer.

Not applicable.

Funding
=======

No funding was received.

Availability of data and materials
==================================

The datasets used and/or analyzed during the present study are available from the corresponding author on reasonable request.

Authors\' contributions
=======================

XZ contributed to the conception and design of the study. YH drafted this manuscript. ZT collected the data. YH and ZT interpreted the data. FW revised the manuscript critically for important intellectual content. All authors read and approved the final manuscript.

Ethics approval and consent to participate
==========================================

The study was approved by the Ethics Committee of Jinan Central Hospital Affiliated to Shandong University (Jinan, China). Signed written informed consents were obtained from the patients and/or guardians.

Consent for publication
=======================

Not applicable.

Competing interests
===================

The authors declare that they have no competing interests.

![Comparison of miR-194 and miR-29 expression in gastric cancer tissues and adjacent tissues. RNA was extracted from tissue, and RT-PCR was used to detect the expression of miRNAs in different tissues. (A) The expression of miR-194 in tumor tissue was lower than that in adjacent tissues (B). The expression of miR-29 in tumor tissue was lower than that in adjacent tissues (\*P\<0.05).](etm-15-05-4179-g00){#f1-etm-0-0-5931}

![Overexpression of miR-194 and miR-29 in gastric cancer SGC7901 cells. SGC7901 cells were transfected with miR-194 mimic, miR-29 mimic and scramble mimic. Significantly increased expression levels of miR-194 and miR-29 were observed after the transfection with miR-194 mimic and miR-29 mimic (\*P\<0.05).](etm-15-05-4179-g01){#f2-etm-0-0-5931}

![miR-194 and miR-29 overexpression inhibited the proliferation of SGC7901 cells. MTT assay was used to detect cell proliferation at 48 h after transfection. miR-194 and miR-29 overexpression significantly inhibited the proliferation of SGC7901 cells (\*P\<0.05).](etm-15-05-4179-g02){#f3-etm-0-0-5931}

![Overexpression of miR-194 and miR-29 inhibit migration of SGC7901 cells. Transwell invasion assay was performed and the results showed that miR-194 and miR-29 overexpression could significantly inhibit the migration of SGC7901 cells (\*P\<0.05).](etm-15-05-4179-g03){#f4-etm-0-0-5931}

###### 

Correlations between the expression of miR-194 and miR-29 in cancer tissue and the clinicopathological features.

  Clinicopathological parameters   Cases   Relative content of miR-194   P-value   Relative content of miR-29   P-value
  -------------------------------- ------- ----------------------------- --------- ---------------------------- ---------
  Age (years)                                                            0.318                                  0.478
    \<60                             86    3.11±1.18                               4.02±1.23                    
    ≥60                              79    3.44±1.25                               3.59±1.05                    
  Sex                                                                    0.347                                  0.236
    Male                           102     2.78±1.09                               4.25±0.98                    
    Female                           63    3.21±1.10                               3.43±0.89                    
  TNM staging                                                            0.029                                  0.009
    I + II                           95    2.62±0.96                               4.59±1.43                    
    III + IV                         70    3.56±1.22                               3.36±1.37                    
  Differentiation                                                        0.017                                  0.024
    Low                              93    2.61±1.03                               3.36±0.97                    
    Medium/High                      72    3.52±1.62                               4.34±1.13                    
  Lymph node metastasis                                                  0.009                                  0.010
    Yes                              76    2.56±1.14                               3.18±0.87                    
    No                               89    3.45±1.45                               4.27±1.28                    
